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PHOTOELECTRIC INTEGRATED 
CIRCUIT DEVICE AND MANUFACTURE 
THEREOF 




ABSTRACT : 



PURPOSE: To easily manufacture the title device with a high reliability without 
detenorating the crystallizabiltty by a method wherein elements are formed on a lll-V 
compound semiconductor substrate in order, multiple semiconductor layers required to 
form an optical element are successively formed and then an Si epitaxial layer to form an 
electronic circuit part through the intermediary of a strain relieving layer is provided. 

CONSTITUTION: An AIGaAs lower clad layer 2 required to form a semiconductor laser 
part 8. an AIGaAs active layer 3. an AIGaAs upper dad layer 4 are epitaxially grown 
successively on a GaAs substrate 1 and then a strain relieving layer 5 and an Si eprtaxial 
layer 6 are grown. Next, the part other than the part to fomi an electronic circuit part 15 is 
masked by photolithography using a photoresist 16 and the part only to form the electronic 
circuit part 15 is removed from the GaAs substrate 1 side to the strain relieving layers by 
selective etching process to expose the rear surface of Si epitaxial layer 6. Finally, the 
electronic circuK part 15 is formed on the rear surface of Si epitaxial layer 6 further to form 
a laser electrode 7. 
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SPECIFICATION 



1. Title of the Invention 

Optoelectronic integrated circuit device and manufacture thereof 

2. Claims 

( 1 ) An optoelectronic integrated circuit device comprising: 

a plurality of semiconductor layers needed to constitute an optical element, formed 

sequentially on a ni-V compound semiconductor substrate; 

a strain relieving layer formed over the topmost of said semiconductor layers; and 
an Si epitaxial layer formed over said strain relieving layer and having electronic 

circuitry formed thereon. 

(2) The optoelectronic integrated circuit device according to claim 1 wherein the IH-V 
compound semiconductor substrate is GaAs. 

(3) The optoelectronic integrated circuit device according to claim 1 wherein the III-V 
compound semiconductor substrate is InP. 

(4) The optoelectronic integrated circuit device according to claim 1 wherein said 
plurality of semiconductor layers needed to constitute an optical element are composed of 
AlGaAs materials. 

(5) The optoelectronic integrated circuit device according to claim 1 wherein said 
plurality of semiconductor layers needed to constitute an optical element are composed of 
InGaAsP materials. 




(6) The optoelectronic integrated circuit device according to claim 1 wherein said 
strain relieving layer is composed of an AlAs-GaAs superlattice. 

(7) The optoelectronic integrated circuit device according to claim 1 wherein said 
strain relieving layer is composed of an Si-Ge superlattice. 

(8) The optoelectronic integrated circuit device according to claim 1 wherein said Si 
epitaxial layer has an electronic circuit situated on the opposite side from the strain 
relieving layer. 

(9) The optoelectronic integrated cbcuit device according to claim 1 wherein said Si 
epitaxial layer has an electronic circuit situated on the same side as the strain relieving 
layer. 

(10) A method for manufacture of an optoelectronic integrated circuit device, 
comprising the steps of 

epitaxiaUy growing in sequence on a HI-V compound semiconductor substrate a 
plurality of semiconductor layers needed to constitute an optical element, a strain relieving 
layer, and an Si epitaxial layer; and 

conducting etching from said semiconductor substrate to said strain relieving layer 
so as to exposed said Si epitaxial layer, and forming electronic circuitry thereon. 

(11) The method for manufacture of an optoelectronic integrated circuit device 
according to claim 10 wherein epitaxy is carried out by a molecular beam method. 

(12) The method for manufacture of an optoelectronic integrated circuit device 
according to claim 10 wherein the epitaxy method for the plurality of semiconductor layers 
needed to constitute an optical element is a metalorganic method. 
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(13) The method for manufacture of an optoelectronic integrated circuit device 
according to claim 10 wherein the epitaxy method for the strain relieving layer is a 
metalorganic method. 

( 1 4) The method for manufacture of an optoelectronic integrated circuit device 
according to claim 10 wherein the epitaxy method for the Si epitaxial layer is pyrolysis of 
SiH*. 

(1 5) The method for manufacture of an optoelectronic integrated circuit device 
according to claim 10 wherein the epitaxy method for the plurality of semiconductor layers 
needed to constitute an optical element is a liquid phase method. 

( 1 6) The method for manufacture of an optoelectronic integrated circuit device 
according to claim 10 wherein the epitaxy method for the strain relieving layer is a liquid 
phase method. 



3. Detailed Description of the Invention 

Field of Industrial UtUization 

The present invention relates to an optoelectronic integrated circuit device (OEIC) 
and a method for manufacture thereof 



Prior Art 

Fig. 3 is a perspective view of a prototype OEIC proposed by Yariv, described in 
Nikkei Electronics. 10 Feb. 1986, pp 218. In the drawing, 20 is a semiconducting GaAs 
substrate, 21 is a semiconductor laser portion formed over the GaAs substrate 20, 22 is t 
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FET portion formed over the GaAs substrate 20. and 23 is a PD (photodiode) portion 
formed over the GaAs substrate 20. 

The operation of the device is now described. 

Optical input is converted to an electrical signal by the PD portion 23 and is then 
amplified by the FET portion 22. The amplified signal current then drives the 
semiconductor laser portion 2 1 so that laser light is output. 

Problems Which the Invention Attempts to Solve 

In the conventional OEIC described above, tiie electronic circuitry must be formed 

on tiie GaAs substrate 20, so conventional IC fabrication techniques cannot be used 
without modification. OEICs employing Si substrates have been proposed as well, but in 
OEICs of this type the crystallinity of HI-V compounds (e.g., GaAs, etc.) epitaxiaUy 
grown on tiie Si substrate tends to be poor, resulting in poor reliability of the resultant 
laser or other optical element. 

The present invention addresses tiiis problem, and has as an object to provide a 
OEIC that is easily manufactured, and that suffers no loss of crystallinity in the epitaxial 
layers tiiat make up tiie optical element, as weU as a method for manufacture thereof 

Means Used to Solve the Problems 

The OEIC which pertains to a first aspect of the invention comprises a plurality of 
semiconductor layers needed to constitute an optical element, formed sequentially on a III- 
V compound semiconductor substrate; a strain relieving layer formed over tiie topmost of 
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these semiconductor layers; and an Si epitaxial layer formed over the strain relieving layer 

and having electronic circuitry formed thereon. 

The OEIC manufacturing method which pertains to another aspect of the invention 

comprises the steps of epitaxially growing in sequence on a III-V compound 
semiconductor substrate a plurality of semiconductor layers needed to constitute an optical 
element, a strain relieving layer, and an Si epitaxial layer; and conducting etching from the 
semiconductor substrate to the strain reUeving layer so as to exposed said Si epitaxial 
layer, and forming electronic circuitry thereon. 

Operation of the Invention 

According to the invention, circuitry is formed on the Si epitaxial layer, improving 
reliability. 

According to the manufacturing method of the invention, the Si epitaxial layer is 
grown over the plurality of semiconductor layers needed to constitute an optical element, 
via a strain relieving layer interposed therebetween. 



Description of the Embodiments 

An embodiment of the OEIC of the invention is depicted in cross-section in Fig. 1 . 
In the drawing, 1 is a GaAs substrate; 2, 3, and 4 are semiconductor layers needed to 
constitute an optical element, specifically, an AlGaAs bottom cladding layer, an AlGaAs 
active layer, and an AlGaAs top cladding layer; 5 is a strain relieving layer consisting of an 
AlAs-GaAs superlattice; 6 is an Si epitaxial layer; 7 is a laser electrode; 8 is a 
semiconductor laser portion constituting the optical element; and 15 is an electronic circuit 
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portion composed of a source region 9, a drain region 10. a gate oxide film 1 1, a source 
electrode 12, a gate electrode 13. and a drain electrode 14, which elements make up an 
FET. 

In the OEIC of the invention, then, optical input/output is performed by an 
AlGaAs semiconductor laser portion 8, an LED. and a PD (not shown). Signal processing 
(amplification and the Uke) and driving of the optical element are performed by the 
electronic circuit portion 15 located on the Si epitaxial layer 6. As the electronic circuit 
portion 15 is formed on the Si epitaxial layer 6, the device can be fabricated using 
conventional IC processes. 

The OEIC manufacturing method of the invention is now described making 
reference to Figs. 2(a) and (b). Symbols identical to those in Fig. 1 designate 
corresponding elements. 1 6 is a photoresist. 

Referring first to Fig. 2(a). the layers needed to constitute semiconductor laser 
portion 8, namely, an AlGaAs bottom cladding layer 2, an AlGaAs active layer 3, and an 
AlGaAs top cladding layer 4, are epitaxially grown in sequence on GaAs substrate 1. The 
strain relieving layer 5 and Si epitaxial layer 6 are then grown. Next, referring to Fig. 2(b), 
portions [of the Si epitaxial layer] other than that where electronic circuit portion 15 will 
be formed are masked with a photoresist 16 using a photolithographic process, and then 
only that area where electronic circuit portion 15 will be formed is selectively etched to 
remove fi-om the GaAs substrate 1 side [all layers] down to the strain relieving layer 5, 
thereby exposing the back face of the Si epitaxial layer 6. Next, using ordinary IC 
processes, the electronic circuit portion 15 is formed on the back face of the Si epitaxial 
layer 6, and the laser electrode 7 is formed. 
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According to the OEIC manufacturing method of the invention, the layers needed 
to constitute semiconductor laser portion 8, namely, AlGaAs bottom cladding layer 2, 
AlGaAs active layer 3, and AlGaAs top claddmg layer 4, are epitaxially grown in 
sequence, and an Si epitaxial layer 6 is then grown thereon via a strain relieving layer 5. 
Accordingly, the AlGaAs bottom cladding layer 2. AlGaAs active layer 3, and AlGaAs top 
cladding layer 4 that constitute the semiconductor laser portion 8 experience no loss in 
crystallinity. 

In the preceding embodiment, electronic circuit portion 15 is formed on the back 
face of Si epitaxial layer 6, but could of course be provided to the front face if so desired. 

In the preceding embodunent, GaAs is used for the substrate and AlGaAs materials 
are used for the semiconductor layers needed to constitute the optical element, but it 
would be possible to instead use InP for the substrate and InGaAsP materials for the 
semiconductor layers needed to constitute the optical element. 

In the preceding embodiment, an AlAs-GaAs superiattice is used for the strain 
relieving layer 5, but it would be possible to use an Si-Ge superiattice instead. 

Any method selected from molecular beam methods, metalorganic methods, 
pyrolysis methods, and liquid phase methods may be used for epitaxy of the epitaxial 
layers. 

Effects of the Invention 

The OEIC of the invention set forth herein comprises a plurality of semiconductor 
layers needed to constitute an optical element, formed sequentially on a III-V compound 
semiconductor substrate; a strain relieving layer formed over the topmost of these 
semiconductor layers; and an Si epitaxial layer formed over this strain relieving layer and 
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having electronic circuitry formed thereon, whereby the electronic circuit portion may be 

formed easily, and high reliability may be achieved. 

The OEIC manufacturing method of the invention comprises the steps of 

epitaxiaUy growing in sequence on a HI-V compound semiconductor substrate a plurality 
of semiconductor layers needed to constitute an optical element, a strain relieving layer, 
and an Si epitaxial layer; and conducting etching from the semiconductor substrate to the 
strain relieving layer so as to exposed said Si epitaxial layer, and forming electronic 
circuitry thereon, whereby there is afforded a method for manufacture of highly reliable 
OEICs by a simple manufacturing process without any loss of crystalUnity. 

4. Brief Description of the Drawings 

Fig. 1 is a sectional view showing an embodiment of the OEIC of the invention; 
Fig. 2 is a sectional view showing an embodiment of the OEIC manufacturing method of 
the invention; and Fig. 3 is a sectional view of a conventional OEIC. 

In the drawings, 1 denotes a GaAs substrate; 2 an AlGaAs bottom cladding layer; 
3 an AlGaAs active layer, 4 an AlCJaAs top cladding layer; 5 a strain relieving layer; 6 an 
Si epitaxial layer; 7 a laser electrode; 8 a semiconductor laser portion; 9 a source region; 
10 a drain region; 1 1 a gate oxide fihn; 12 a source electrode; 13 a gate electrode; 14 a 
drain electrode; and 15 an electronic circuit portion. 

Identical symbols in the drawings designate corresponding elements. 



Agent: OIWA, Masuo, Patent Attorney (2 others) 
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1 : GaAs substrate 

2: AlGaAs bottom cladding layer 

3: AlGaAs active layer 

4: AlGaAs top cladding layer 

5: strain relieving layer 

6: Si epitaxial layer 

7: laser electrode 

8: semiconductor laser portion 

9: source region 

10: drain region 

1 1 : gate oxide film 

12: source electrode 

13: gate electrode 

14: drain electrode 

15: electronic circuit portion 
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Fig . 2 
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Fig. 3 
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PROCEDURAL AMENDMENT (Voluntary) 
18 March, 19887 

To the Patent OflBce Commissioner 

1. Indication of Case 

Patent Application No. 61-179533 

2. Title of the Invention: Optoelectronic integrated circuit device and manufacture thereof 

3. Amendant 

Relationship to case Applicant 

Address 2-3 Marunouchi 2-chome, Chiyoda-ku, Tokyo 

(601) Mitsubishi Electric Corp. 
Representative: Shiki Moritoshi 



Name 



4. Agent 

Address 
Name 



2-3 Marunouchi 2-chome, Chiyoda-ku, Tokyo 
(7375) Oiwa, Masuo, Patent Attorney 
(contact 03(213)3421 Patent Section) 



5. Amended Item(s) 

Detailed Description of the Invention 



6. Particulars of Amendment(s) 

The passage "According to the invention . . . improving ..." appearing on page 6 
lines 14-15 is amended as follows. 
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"According to the invention, the optical element portion is composed of a group of 
epitaxial layers grown on a compound semiconductor substrate, and the electronic circuit 
portion is formed on the Si epitaxial layer, improving reliability." 
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